REMARKS 

In view of the above amendments and the following remarks, reconsideration of the 
rejections contained in the Office Action of August 14, 2008 is respectfully requested. 

By this amendment claims 1-2, and 4-10 have been amended and claims 1 1-20 have been 
added. Claims 1-20 are now pending in the application. No new matter has been added by these 
amendments. 

The entire specification has been reviewed and revised. Due to the number of revisions, 
the amendments to the specification have been incorporated into the attached substitute 
specification. For the Examiner's benefit, a marked-up copy of the specification and abstract 
indicating the changes made thereto is also enclosed. No new matter has been added by these 
revisions. Entry of the substitute specification is thus respectfully requested. 

Applicants thank the Examiner for consideration of the application, including the 
information disclosure statement, and the comments of the August 14, 2008 Office Action. In 
that Office Action, the Examiner indicated that claims 4-8 would be allowable if rewritten in 
independent form. Claim 5 has been rewritten in independent form. Claim 5 contains minor 
grammatical and idiomatic corrections, and corrections to problems similar to those noted by the 
Examiner on page 2, item 2 of the Office Action. Claims 4, and 6-8 also contain corrections to 
problems similar to those noted by the Examiner on page 2, item 2 of the Office Action. 
Because the scope of claims 4-8 is virtually identical to that indicated allowable, allowance is 
believed to be in order. New claims 12, 14, and 18 depend directly or indirectly from claim 5, 
and are thus allowable for at least the same reasons as claim 5. 

On page 2 of the Office Action, the Examiner alleges that claims 9 and 10 are indefinite. 

8 



Those claims have been amended to overcome the rejection, to put claim 9 in independent form, 
and to include minor grammatical and idiomatic corrections. Because no prior art was applied 
and the indefiniteness rejection is believed to be overcome, allowance of claims 9-10 is believed 
to be in order. New claims 15 and 16 depend directly or indirectly from claim 9, and are thus 
allowable for at least the same reasons as claim 9. 

Beginning on page 2 of the Office Action, the Examiner alleges that claims 1 and 3 are 
anticipated by Rainey (US 6,969,809) under 35 U.S.C. § 102(b). As an initial matter, Rainey 
(US 6,969,809) was not "patented or described in a printed publication in this or a foreign 
country or in public use or on sale in this country, more than one year prior to the date of the 
application for patent in the United States" as required by 35 U.S.C. § 102(b). 

"A claim is anticipated only if each and every element as set forth in the claim is found, 
either expressly or inherently described, in a single prior art reference." MPEP 2131; Verdegaal 
Bros. V. Union Oil Co. of California, 814 F.2d 628, 631 (Fed. Cir. 1987). Before the present 
amendment, claim 1 recited in part: "inserting at least one of the first washer and the second 
washer into the first hole...'" (emphasis added). As seen in Figure 6 of Rainey, the washers 80 
and 90 of Rainey are ordinary washers that are not inserted into hole 51, or any other hole. As 
illustrated in Figure 7 of Rainey, bolt 43 is inserted into and completely fills hole 51; washers 80 
and 90 do not occupy any portion of hole 5 1 . Because Rainey does not disclose each element of 
imamended claim 1, Applicants believe that the rejection of claims 1 and 3 is improper. 

In an effort to advance prosecution, and without agreeing to the propriety of the 
Examiner's rejection, claim 1 has been amended to more clearly require that a portion of at least 
one of the washers is disposed within the first hole. In particular, claim 1 now requires that the 
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first or second washer comprise a first insertion part extending into the first hole. Because 
Rainey does not disclose nor render obvious every limitation of claim 1 , allowance is 
respectfully requested. Claims 2-4, 11, 13, 17, 19, and 20 depend directly or indirectly from 
claim 1, and are thus allowable for at least the same reasons as claim 1. 

With respect to claim 3, in addition to being allowable for depending from claim 1, 
Applicants submit that this claim has additional limitations not anticipated by Rainey as asserted 
in the Office Action, nor rendered obvious by the prior art. Claim 3 requires "the first 
washer... attached to the first face of the substrate," and "the second washer... attached to the 
second face of the substrate." At least washer 80 of Rainey is not attached to either surface of 
the substrate, as illustrated in Figure 7. 

On page 3 of the Office Action, the Examiner alleges that claim 2 would have been 
obvious in view of Rainey. Applicants respectfully traverse this rejection; in addition to being 
allowable for depending from claim 1, claim 2 includes further limitations which are not 
anticipated nor rendered obvious by the prior art. 

"[RJejections on obviousness cannot be sustained by mere conclusory statements; 
instead, there must be some articulated reasoning with some rational underpinning to support the 

legal conclusion of obviousness." KSR, 550 U.S. at , 82 USPQ2d 1385, 1396 (2007); MPEP 

2141 . Applicants note that Rainey does not disclose "a first insertion part," "a second insertion 
part," "the first insertion part [being] inserted into the first hole," nor the "press-fitted to an 
internal periphery of the first insertion part," as recited in claim 2. The Examiner has not cited 
prior art which discloses any of these features of claim 2. The Examiner has not alleged any 
teaching, suggestion, or motivation to add any of these features to the apparatus of Rainey. The 
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Examiner has not cited any reference which teaches or suggests the use of press-fitting in strain 
sensors. It is respectfully asserted that the Examiner has not established a prima facie case of 
obviousness; withdrawal of this rejection is requested. 

In view of the foregoing amendments and remarks, inasmuch as all of the outstanding 
issues have been addressed, Applicants respectfiiUy submit that the present application is in 
complete condition for issuance of a formal Notice of Allowance, and action to such effect is 
earnestly solicited. 

Should any issues remain after consideration of the within response, however, the 
Examiner is invited to telephone the undersigned at his convenience. If any fee beyond that 
submitted herewith, or extension of time is required to obtain entry of this Amendment, the 
undersigned hereby petitions the Commissioner to grant any necessary time extension and 
authorizes charging Deposit Account 23-0975 for any such fee not submitted herewith. 



RespectfiiUy submitted, 

Yasunori MATSUKAWA et al. 
/Charles R Watts/ 

^ 2008.11.13 13:08:04 -05'00' 

By: 

Charles R. Watts 
Registration No. 33,142 
Attorney for Applicants 

CRW/ADS/kh 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
November 13, 2008 
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Description 

STRAIN SENSOR 

This application is a U.S. national phase application of PCT 
5 International Application PCT/JP2004/00207 1 . 
TECHNICAL FIELD 

The present invention relates to a strain sensOT for detecting strain caused by 
external forces, such as human weight and vehicle weight, using a strain-detecting 
element provided on a sensor substrate. 

10 

BACKGROUND ART 

A conventional strain sensor is disclosed in Japanese Utility Model 
Unexamined Publication No. H5-57605, and is described below with reference to 
the drawings. 

15 Fig. 8 is a perspective view of the conventional strain sensor, and Fig. 9 is a 

side sectional view illustrating the conventional strain sensor fixed to its detection 
target. Metal sensor substrate 1 has fixing holes 2 and 3. Strain-detecting element 
4, consisting of a strain gauge, is disposed on the top face of sensor substrate 1. 
Strain-detecting element 4 includes element portion 5, and lead 6 electrically coupled 

20 to element portion 5 and protruding outward. 

The operation of the conventional strain sensor as configured above is 
described next with reference to Fig. 9. A pair of internal threads 7 is provided in 
advance on detection target 8. Sensor substrate 1 is fixed to detection target 8 by 
screwing external threads 9 into internal threads 7 with sensor substrate 1 

25 therebetween. The inner diameter of fixing holes 2 md 3 is slightly greater than the 
outer diameter of intemal threads 7. This is to ensure the reliable fixing of sensor 
substrate 1 onto detection taiget 8, considering variations in the pitch of intemal 
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threads 7 provided on detection taiget 8. In this state, when an external force is 
applied to detection taiget 8, detection target 8 distorts, and sensor substrate 1 
deforms in response to this distortion. The deformation of sensor substrate 1 is 
output from lead 6 as a change in voltage caused by a change in resistance of 
5 strain-detecting element 4 provided on the top face of sensor substrate 1. 
Accordingly, the extemal force applied to detection target 8 is detectable. 

However, in the above conventional structure, a twisting force acts on 
extemal threads 9 when sensor substrate 1 is fixed to detection target 8 by screwing 
extemal threads 9 into internal threads 7. This twisting force produces internal 
10 stress in sensor substrate 1. As a result, strain-detecting element 4 distorts, and an 
output signal is generated even when no extemal force is applied to sensor substrate 
1 . Consequently, output signals from the strain sensor become inaccurate. 

SUMMARY OF THE INVENTION 

15 In the strain sensor of the present invention, a fixing member is composed of 

an upper washer and a lower washer. By sandwiching and holding a sensor 
substrate with th e s ethe upper washer an d the lower washer, the fixing member is 
fixed onto the sensor substrate. A strain-detecting element is disposed on the sensor 
substrate. The strain sensor having this stmcture is thus fixed onto a detection 

20 target by means of the fixing member. 

BRIEF DESCRIFnON OF THE DRAWINGS 

Fig. 1 is a top view of a strain sensor in accordance with m exemplary 
embodiment of the present invention. 
25 Fig. 2 is a side sectional view of the strain sensor shown in Fig. 1 . 

Fig. 3 is an exploded perspective view illustrating the state before fixing a 
first fixing member to a sensor substrate in the strain sensor shown in Fig. 1 . 
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Fig. 4 is a top view of the sensor substrate in the strain sensor shown in Fig. 

1. 

Fig. 5 is a side sectional view illustrating an operation state of the strain 
sensor shown in Fig. 1. 
5 Fig. 6 is a side sectional view of another strain sensor in the exemplary 

embodiment of the present invention. 

Fig. 7 is an exploded perspective view illustrating the state before fixing a 
first fixing member to the sensor substrate in the strain sensor shown in Fig. 6. 
Fig. 8 is a perspective view of a conventional strain sensor. 
10 Fig. 9 is a side sectional view illustrating the state that the conventional strain 

sensor is fixed to a detection target. 

DETAILED DESCRIFnON OF THE PREFERRED EMBODIMENT 

Fig. 1 is a top view of a strain sensor in an exemplary embodiment of the 
15 present invention. Fig. 2 is a side sectional view of the strain sensor, and Fig. 3 is 
an exploded perspective view illustrating the state before fixing a first fixing member 
to a sensor substrate in the strain sensor. Fig. 4 is a top view of the sensor substrate 
in the strain sensor 

Sensor substrate (hereinafter "substrate") 11 has first fixing hole (hereinafter 
20 "hole") 12 passing through from the top face (first face) to the bottom face (second 
face opposing the first face) at a first-end side. At the approximate center, substrate 
11 also has second fixing hole (hereinafter "hole") 13 passing through from tiie top 
face to the bottom face. Still mor eFurthen-nore . subsfrate 11 has detection hole 
(hereinafter "hole") 14 passing through from the top face to the bottom face at the 
25 approximate center between hole 1 2 and hole 1 3 . Power electrode 1 5 is disposed at 
a second-end side of subsfrate 11. Power elecfrode 15 is electrically coupled to a 
first end of first strain-detecting element (hereinafter "element") 16 and a first end of 
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second strain-detecting element (hereinafter "element") 1 7 via circuit pattem 18. A 
second end of element 16 is electrically coupled to first output electrode 19. A 
second end of element 17 is electrically coupled to second ou^ut electrode 20 and a 
first end of third strain-detecting element 21 (hereinafter "element"). A second end 
5 of element 21 is electrically coupled to GND electrode 22. 

Fourth strain-detecting element (hereinafter "element") 23 is disposed on the 
top face of substrate 11. A first end of element 23 is electrically coupled to the 
second end of element 16 and first output electrode 19. A second end of element 

23 is electrically coupled to GND electrode 22. In this way, elements 16, 17, 21, 
10 and 23; power electrode 15; output electrodes 19 and 20; GND electrode 22; and 

circuit pattem 18 configure a bridge circuit. 

IC 24 is disposed on the top face of substrate 1 1 at the second-end side. IC 

24 amplifies differential voltage between the voltage of first ou^ut electrode 19 md 
that of second output electrode 20, and outputs it outside through connector 25 

15 provided at the second-end side of substrate 1 1 . 

Extemal power electrode 26 is also disposed on the top face of substrate 11 
at the second-end side. Extemal power electrode 26 is electrically coupled to 
power electrode 15. Extemal GND electrode 27 is also disposed on tiie top face of 
substrate 1 1 , and extemal GND electrode 27 is electoicaUy coupled to GND electrode 

20 22. 

As shown in Fig. 3, first fixing member (hereinafter "member") 28 is 
composed of first upper washer (hereinafter "washer") 29 made of metal and first 
lower washer (hereinafter "washer") 30 made of metal. Washer 29 contacts the top 
face of substrate 11, and washer 30 contacts the bottom face of substrate 11. Washer 
25 29 includes round contact head 3 1 touching the top face of substrate 1 1 md insertion 
part 32 inserted into hole 1 2 on substrate 11. In the same way as washer 29, washer 
30 also has round contact head 33 touching the bottom face of substrate 11 and 
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insertion part 34 inserted into hole 12. Member 28 is fixed onto substrate 11 by 
press-fitting the outer periphery of insertion part 32 of washer 29 into inner periphery 
34A of insertion part 34 of washer 30. 

Insertion part 34 of washer 30 is inserted into fixing hole 1 2, fitting with _a 
5 clearance [[to]]in hole 12. When the outer periphery of insertion part 32 is 
press-fitted to the inner periphery of insertion part 34 in this state, washer 29 and 
washer 30 sandwich and hold substrate 11 without applying an internal stress to 
substrate 11. Wifb. this structure, member 28 is fixed onto substrate 11 without 
applying an intemal stress to substrate 11. In addition, th e r e is no chanc e that 

10 member 28 com e s off fi-o m holds securely to substote 1 1 . 

Second fixing member (hereinafter "member") 35 is also composed of 
second upper washer (hereinafter "washer") 36 made of metal and second lower 
washer (hereinafter "washer") 37 made of metal , in the sam e configuration as 
member 28. Detection member (hereinafter "member") 38 is composed of upper 

15 metal washer (hereinafter "washer") 39 of detecting portion and lower metal washer 
(hereinafter "washer") 40 of detecting portion. Member 28 and member 35 are 
fixed to a base (not illustrated) of a measurement target via holes 51 and 53. 
Member 38 is fixed to a part (not illustrated) of the measurement target where strain 
may occur via hole 52 so as to feeay emeasure a strain force [[of| ]acting on the 

20 measurement target. 

In the present exemplary embodiment, an external stress is applied to end 
38A of member 38 which contacts substrate 11. A reaction force acts between end 
28A of member 28 which contacts substrate 11 and end 35A of member 35 which 
contacts substrate 11. 

25 Next, an assembly method of the strain sensor as configured above is 

described. 
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First, holes 12, 13, and 14 are formed by press working on a metal base 
material (not illustrated) prepared in advance. Next, glass paste (not illustrated) is 
printed on the top face of the base material (not illustrated), and then the base 
material is fired at about 850 "C for about 45 minutes to form substrate 11. 
5 Next, metal-glazed carbon paste is printed on the top face of substrate 11, 

and fired at about 850 "C for about 45 minutes. Elements 16, 17, 21, and 23 are 
formed on the top face of substrate 11. Then, silver paste is printed on positions 
where power electrode 15, first output electrode 19, second output electrode 20, 
GND electrode 22, and circuit pattem 18 are to be provided, and fired at about 850 

10 °C for about 45 minutes. In this way, power electrode 15, first ou^ut electrode 19, 
second output electrode 20, GND electrode 22, and circuit pattem 18 are formed. 
IC24 is then mounted on the top face of substrate 1 1 . 

Next, insertion part 34 of washer 30 is inserted into hole 12 fix)m the bottom, 
and then insertion part 32 of washer 29 is inserted into hole 12 fix)m the top. The 

15 top face of contact head 33 of washer 30 is attached to the bottom face of substrate 
1 1 , and the bottom face of contact head 3 1 of washer 29 is attached to the top face of 
substrate 11. Here, member 28 is fixed to substrate 11 by press-fitting the outer 
periphery of insertion part 32 into the inner periphery of insertion part 34. 

In this way, member 28 is fixed to substrate 11 by sandwiching and holding 

20 substrate 11 with washer 29 and washer 30. In this case, a force perpendicular to 
the thickness direction of substete 11, generated by sandwiching and holding 
substrate 11 witii washer 29 and washer 30, fixes member 28 onto substrate 11. 
Accordingly, no internal stress caused by twisting around hole 12 on substrate 11 is 
produced. Likewise, no continuous stress is applied to element 21 disposed near 

25 hole 12. rrThel lAccordinglv, a more accurate output signal fi-om the strain sensor 
thus b e com e s accurat e is achieved . 
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Next, in the same way as member 28, member 35 composed of washer 36 
and washer 37 is fixed near hole 1 3 on substrate 1 1 . Lastly, member 38 composed 
of washer 39 and washer 40 is fixed near hole 1 4 on substrate 1 1 . 

Th e op e ration of th e strain s e nsor as configur e d and ass e mbl e d abov e is 
5 d e scrib e d n e xt with r e f e r e nc e to Fig. 5. — Fig. 5 is a sid e s e ctional vi e w illustrating 
th e op e ration stat e of strain s e nsor in th e ex e mplar)^ e mbodim e nt. 

Wh e n an e xt e rnal forc e is appli e d to m e mb e r 38 irom th e top as indicat e d by 
an arrow in Fig. 5, substrat e 11 d e forms. — At this tim e , th e e xternal forc e is appli e d 
to end 38A of m e mb e r 38. — On th e oth e r hand, a r e action forc e acts to e nd 28A of 
10 m e mb e r 28 and e nd 35A of m e mb e r 35. — A t e nsil e str e ss is also appli e d to e l e m e nts 

16 and 21, incr e asing r e sistanc e of e l e m e nts 16 and 21. — On th e oth e r hand, a 
compr e ssion str e ss is appli e d to e l e m e nts 17 and 23, r e ducing r e sistanc e of e l e m e nts 

17 and 23. — Sinc e a bridg e circuit is form e d among e lem e nts 16, 17, 21, and 23, IC 
2A outputs a pot e ntial differ e nc e b e tw ee n first output e l e ctrod e 19 and s e cond output 

15 e l e ctrod e 20 as th e differ e ntial voltag e through conn e ctor 25. — 

H e r e , th e r e action forc e appli e d to memb e r 28 includ e s a v e ctor which 
rotat e s m e mb e r 28 circumf e r e ntially, and thus it is conc e ivabl e that m e mb e r 28 is 
rotat e d. — How e v e r, as shox^n in Fig. 3, wash e r 29 has contact h e ad 31 which 
touch e s th e top fac e of substrat e 11. — In addition, wash e r 30 has contact h e ad 33 

20 which touch e s th e bottom fac e of substrat e 11. — Still mor e , th e s e contact h e ads 31 
and 33 ar e round. — Accordingly, e ven tiiough wash e r 29 rotates on die top face and 
wash e r 30 rotat e s on th e bottom fac e of substrate 11 r e sp e ctiv e ly in a circumf e rential 
dir e ction, th e positions of contact heads against substrat e 11 do not d e viat e 
l e ngthwis e on substrat e 11 with r e sp e ct to washers 29 and 30. — Th e r e fore, a b e nding 

25 str e ss appli e d to e lem e nt 21 provid e d n e ar memb e r 28 do e s not chang e , alloA^ing Ifa e 
strain sensor to maintain stabl e output charact e ristic. 
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In this stiucture, insertion part 34 of washer 30 is inserted into hole 12 on 
substrate 1 1 from the bottom, and then insertion part 32 of washer 29 is inserted into 
hole 12 from the top. Then, the top face of contact head 33 of washer 30 is attached 
to the bottom face of substrate 11. The bottom face of contact head 31 of washer 
5 29 is attached to the top face of substrate 11. At this point, the outer periphery of 
insertion part 32 is press-fitted to the inner periphery of insertion part 34 so as to fix 
member 28 onto subsfrate 11. 

Contrar yA ltematively . insertion part 32 of washer 29 may be inserted into 
hole 12 from the bottom, and then insertion part 34 of washer 30 may be inserted 

10 into hole 1 2 from the top. In this case, the top face of contact head 3 1 of washer 29 
is touched to the bottom face of substrate 11, and the bottom face of contact head 33 
of washer 30 is touched to the top face of substrate 11. In this case, the inner 
periphery of insertion part 34 is press-fitted into the outer periphery of insertion part 
32 so as to fix member 28 onto substrate 1 1 . Wifb. this structure, the same effect as 

15 the structure previously described is achievable. The same applies to member 35 
and member 38. 

Next, another strain sensor in the exemplary embodiment of the present 
invention is described. Fig. 6 is a side sectional view of another sfrain sensor in the 
exemplary embodiment of the present invention. Fig. 7 is an exploded perspective 

20 view of the strain sensor before fixing a first fixing member onto a sensor substrate. 

In this structure, the first fixing member (hereinafter "member") 41 is 
composed of first upper washer (hereinafter "washer") 29 made of metal and 
first lower washer (hereinafter "washer") 42 made of metal. Washer 29 
contacts the top face of substrate 11, and washer 42 contacts the bottom face 

25 of substrate 11. The top face of washer 42 contacts the bottom face of 
substrate 1 1 . Hole 43 passing through from the top face to the bottom face is 
formed in washer 42. Member 41 composed of washer 29 and washer 42 is 
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fixed onto substrate 11 by press-fitting insertion part 32 of washer 29 into hole 
43. In the same way as for member 41, second fixing member (hereinafter 
"member") 44 is composed of second upper washer (hereinafter "washer") 36 
made of metal and second lower washer (hereinafter "washer") 45 made of 
5 metal. Detection member (hereinafter "member") 46 is also composed of 
upper metal washer (hereinafter "washer") 39 of detecting portion and lower 
metal washer (hereinafter "washer") 47 of detecting portion. Washers 36 
and 39 have the same structure as washer 29, and washers 45 and 47 have the 
same structure as washer 42. First fixing member 41 and member 44 are 

10 fixed to a base (not illustrated) of the measurement target via holes 61 and 63. 
Member 46 is fixed via hole 62 to a portion (not illustrated) of the 
measurement target where strain is generated. 

In this structure, insertion part 32 is provided on washer 29 and hole 43 is 
formed on washer 42; and insertion part 32 is press-fitted into hole 43. In this way, 

15 member 41 is fixed onto substrate 11. Accordingly, the entire washer 42 is 
press-fitted with washer 29. In addition, insertion part 32 of washer 29 can be 
thickened, contributing to improved strength of member 41 . 

In the structure of the strain sensor as configured above, first and second 
fixing members 41 and 44, and washers 29, 36, and 39 of member 46 have insertion 

20 parts. Holes are formed on washers 42, 45, and 47 of members 41, 44, and 46. 
The insertion parts of washers 29, 36, and 39 are respectively press-fitted into holes 
on washers 42, 45, and 47. Accordingly, members 41, 44, and 46 are fixed onto 
substrate 11. Conv e rs e l yA ltematively, insertion parts may be provided on lower 
washers 42, 45, and 47, and holes may be provided on upper washers 29, 36, and 39. 

25 In this case, the insertion parts of washers 42, 45, md 47 are press-fitted into holes on 
washers 29, 36, and 39 so as to fix members 4 1 , 44, md 46 onto substrate 1 1 . This 
stmcture also demonstrates the same effect. 
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The operation of the strain sensor as configured and assembled above is 
descaibed next with reference to Fig. 5. Fig. 5 is a side sectional view illustrating 
the operation state of strain sensor in the exemplary embodiment. 

When an external force is applied to member 38 from the top as indicated by 
5 an arrow in Fig. 5. substrate 11 deforms. At this time, the external force is applied 
to end 38A of member 38. On the other hand, a reaction force acts to end 28 A of 
member 28 and end 35 A of member 35. A tensile stress is also applied to elements 
16 and 21. increasing resistance of elements 16 and 21. On the other hand, a 
compression stress is applied to elements 17 and 23, reducing resistance of elements 

10 17 and 23. Since a bridge circuit is formed among elements 16. 17. 21. and 23. IC 
24 outputs a potential difference between first output electrode 19 and second output 
electrode 20 as the differential voltage through connector 25. 

Here, the reaction force applied to member 28 includes a vector which 
rotates member 28 circumferentially. and thus it is conceivable that member 28 is 

15 rotated. However, as shown in Fig. 3. washer 29 has contact head 31 which 
touches the top face of substrate 11. In additioa washer 30 has contact head 33 
which touches the bottom face of substrate 1 1 . These contact heads 3 1 and 33 may 
be round. Accordingly, even though washer 29 rotates on Ifae top face and washer 
30 rotates on the bottom face of substi^ate 11 respectivelv in a circumferential 

20 direction, the positions of contact heads against substrate 11 do not deviate 
lengthwise on substrate 1 1 witii respect to washers 29 and 30. Therefore, a bending 
stress applied to element 21 provided near member 28 does not change, allowing the 
strain sensor to maintain stable output characteristic. 

In the exemplary embodiment, aU washers are made of metal of high 

25 mechanical strength. However, the washers cm be made of other materials with 
high mechanical stiiengtii, such as ceramics. 
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In the exemplary embodiment, the detection member is fixed to detection 
hole 14 so as to fix the detection member to the portion where strain is generated in 
the measurement target. However, if a member for fixing substrate 11 and the 
measurement target are provided separately, such as the case of a load cell, a 
5 structure that applies a force directiy to a position equivalent to detection hole 14 on 
substrate 11, without providing detection hole 14 and the detection membe r, is also 
applicabl e would also be functional and is considered within the scope of the present 
invention . 

In the exemplary embodiment, two fixing holes are provided. However, 
10 one fixing hole is acceptable, depending on the structural design of attachment. 

INDUSTRIAL APPLICABILITY 

In the present invention, each fixing member is composed of an upper 
washer and a^lower washer, and these upper and lower washers sandwich and hold a 

15 sensor substrate. Accordingly, the fixing member is fixed onto the sensor substrate. 
The fixing member is secured to the sensor substrate using a force perpendicular to 
the thickness direction of the sensor subsfrate, which is produced by sandwiching the 
sensor substrate with the upper washer and lower washer. This eliminates any 
internal stress produced by twisting around the fixing hole on the sensor substrate; no 

20 stress thus is continuously applied to the strain-detecting element. As a result, die 
present invention offers a strain sensor that generates m accurate ou^ut signal. 
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ABSTRACT 

A fixing member is composed of an upper washer and a lower washer; and a 
sensor substrate is sandwiched and held with th e s eby the upper and lower washers. 
A strain-detecting element is disposed on the sensor substrate. A strain sensor as 
5 configured above is fixed onto a measurement target via the fixing member. 
Accordingly, the strain sensor does not generate an output signal when no external 
force is applied, demonstrating stable characteristics. 



